INTRODUCTION
The Conservatism of Conservatism (CoC) database presents the conservation of residue positions in folds across protein families. Residues with high CoC are universally conserved in every family of homologous proteins that acquire a particular fold. Such residues can be different in non-homologous proteins (analogues) that exhibit the same fold. We calculate and present the statistical significance of such conservation and outline residues that are more conserved than expected given the residue's solvent accessibility. The CoC database may be used to identify amino acids that are important for protein function and folding; and presents data sufficient for performing a stand-alone study, or suggesting key functionally and/or structurally residues to be studied via experiment. Additionally, CoC complements the analysis of experiment and simulation, and encourages understanding of protein structure in an evolutionary context.
THE SERVER
Queries and results: From the search page, queries are made by PDB ID, Swiss-Prot name, or FASTA amino acid sequence. A compressed directory containing the data for all proteins may also be downloaded. Results are listed as "exact matches," which include all chains corresponding to a given PDB that match a FSSP file exactly, and also "related structures" which include PDBs identified through structural alignment.
Clicking on any PDB ID in the search results will take a user to that protein's results page. The results page consists of three sections described below.
The top section gives the protein name, including domain and chain, along with a Raster3D (7) The middle section of the results page contains tables displaying the number of residues identified at various CoC/p-value cutoff pairs for the data calculated using both six and twenty amino acid types. When a cutoff pair is selected, the user is brought to a separate page with an interactive cartoon image of the protein, created using jmol (8) Implication for protein function, stability, and kinetics: There has been detailed discussion of interpreting CoC in the context of function, stability, and kinetics (1) . Also, in a previous study of conservation in the protein folding nucleus(3), it was shown that residues in the nucleus are significantly more conserved than the rest of the protein.
These, and other implications, have also been reviewed in the larger context of protein folding theory (2) . One finds that when a position is highly conserved, but the conservation can be described by solvent accessibility, the CoC is most likely attributable to thermodynamic importance of the position. When a highly conserved position corresponds to a disulfide bond, the reason is likely thermodynamic. When most proteins of a given fold have active/binding site in the same location on the structure, such site is called a "super-site" (e.g. Rossman fold and TIM barrel). Residues of the super-site are conserved in proteins of the fold and, therefore, exhibit high CoC. When high CoC cannot be explained by any of the above rational, the cause of conservation is most likely kinetic. These high CoC residues are responsible for fast folding to the native structure and correspond to the "folding nucleus" (9) . Assuming that topology determines the folding mechanism (and nucleus) of a protein, then one expects that nucleus residues to exhibit high CoC. The hypothesis of kinetic importance may also be cross-referenced with protein engineering experiment data where available.
Concluding remarks:
The CoC database describes not only the evolutionary conservation of positions in protein folds, but serves as a source of predictions as to which residues may play an important role in protein folding, stability, and function.
These data cover all known protein folds and may be used both as testable predictions for experiment or bioinformatics studies, as well as an aid in interpretation of experimental results. CoC is distinct from the simple analysis of conservation available elsewhere. It accounts for the probability that a position is conserved due to solvent accessibility and measures the conservation of a position regardless of its identity across structural homologues. We believe that CoC brings a unique and useful perspective to the analysis of evolutionary data in proteins.
